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Abstract: 

NASA’s new Space Exploration Initiative demands that vehicles, habitats, and rovers achieve 
unprecedented levels of reliability, safety, effectiveness, and affordability. Modular and 
intelligent electrical power systems are critical to achieving those goals. Modular electrical 
power systems naturally increase reliability and safety through built-in fault tolerance. These 
modular systems also enable standardization across a multitude of systems, thereby greatly 
increasing affordability of the programs. Various technologies being developed to support this 
new paradigm for space power systems will be presented. Examples include the use of digital 
control in power electronics to enable better performance and advanced modularity functions 
such as distributed, master- less control and series input power conversion. Also, digital control 
and robust communication enables new levels of power system control, stability, fault detection, 
and health management. Summary results from recent development efforts are presented along 
with expected future technology development needs required to support NASA’s ambitious 
space exploration goals. 
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Architectural Elements 
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Initial Lunar return mission - 2018-2020 








Power System Challenges for Exploration 
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CEV - Service Module, Crew Module, Launch Abort System 
CEV&ISS, EDS&LSAM, CEV&LSAM 
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Modular Power System Concepts 
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Modular Power System - Benefits 
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common modules. 

Less “boxes” to develop and qualify. 

Cost savings mainly a function of non- 
recurring/recurring cost ratio. 




Modular Power System - Other Benefits 

Multi-module collaboration can 
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Modular Power System - Disadvantages 

Modular designs are non-optimal 




Additional software development. 
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reconfiguration. 
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Converters/Chargers/Regulators & Switchgear 
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Component health aggregated. 
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Paper - “Active System Identification of a DC-DC 
Converter Using Digital Control”, IECEC 2004. 






Intelligent PMAD System Accomplishments 
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Paper - “Distributed, Master-less Control of Modular DC- 
DC Converters”, IECEC 2004. 
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PRODUCTS 

- Conceptual design sketches and initial test 
bed hardware. 




CONCLUSIONS 

Long term human and robotic exploration initiative demands 
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